Ranges of trapping devices were investigated for their ability to sample predatory mites and insects on branches of apple trees. Straw traps caught significantly more predatory mites whereas corrugated cardboard traps proved better for larger predators such as the common earwig, Forficula auricularia. The most abundant predatory species sampled on the trees was the 'whirli-gig' mite Anystis baccarum. The efficiency of the various trapping devices and the potential of incorporating A. baccarum within environmentally based management strategies for invertebrate pest control within the Bramley apple orchards are discussed.
Introduction
A wide range of predators have been exploited, or have the potential to be exploited, as biological control agents against pests of fruit. In the British Isles, these include members of the families Miridae (mirid bugs) (Hemiptera), Anthocoridae (flower bugs) (Hemiptera), Forficulidae (earwigs) (Dermaptera) and several mite families (Solomon, 1992) . Leaf-dwelling predators such as the mites Typhlodromus pyri and Zetzellia mali can be sampled by leaf washings (Zacharda, et al., 1988) . However, larger predatory species are generally more mobile and cannot be sampled in this way as they disperse when vegetation is disturbed. Various authors have used artificial shelter traps for trapping F. auricularia and other insect fauna (Chant and McLeod, 1952; Campbell, 1978; McAdam, et al., 1994 and Helsen, et al., 1998) and mites (Morgan and Anderson, 1958) . Similarly, sticky traps in the form of grease bands have been used to trap mites (Staples and Allington, 1959) and mirids (Stewart and Gaylor, 1991) . However, little information is available regarding the effectiveness of different trapping systems in sampling the predatory fauna on branches of apple trees. The aim of this study was to compare several different techniques for trapping and hence sampling the predatory fauna from branches of apple trees, and to determine the One of each trap type (Table 1 ) was attached to different branches of each of ten randomly chosen trees, from 17 March until 28 August 1997. The traps were changed at fortnightly intervals and placed under Tullgrën funnels for 24 hours where predatory arthropods were expelled into 30% ethanol. All specimens were identified and recorded. Numbers of predatory mites and insects captured in the traps were subjected to analysis of variance (ANOVA).
Interception traps
Over the same time period as the trapping experiment, leaf samples were taken at fortnightly intervals from the apple trees (8 leaves per sample date) and, following the method of Zacharda et al. Int. J. Environ. Sci. Tech. Vol. 2, No. 1, pp. 1-6, Spring 2005 most abundant predatory species within Northern Irish apple orchards.
Materials and Methods

Study orchard
The study site was a commercially active Bramley's seedling apple orchard at Loughgall, County Armagh, Northern Ireland (N 054 o 24.3' W 006 o 35.8'). This orchard received normal fungicide spray treatment to control apple scab (Venturia inaequalis) but no acaricide treatments. The most numerous predatory species obtained from the traps was the generalist predatory mite, Anystis baccarum (Table 3) .
Straw traps trapped more predatory mites (F= 11.38, d .f.= 4,36, P <0.01), including A. baccarum, compared to the other traps. However, corrugated cardboard traps trapped the majority of larger predators (F= 2.99, d.f.= 4,36, P= 0.03) (Table 3) ; in particular, F. auricularia. The sticky traps were impractical as they quickly became covered with flies
Interception traps
Discussion and Conclusion
The presence of the phytoseiid and stigmaeid mites in leaf washings from this non-acaricide sprayed orchard was expected. Typhlodromous pyri is widespread and abundant on various trees, shrubs, and herbaceous plants (Collyer, 1964) and is common in both intensively managed and wild orchards. In the present study, the density of T. pyri at 0.15 mites per leaf was smaller than that in a dessert orchard in southern England where the population reached 0.25 per leaf (Cross and Berrie, 1994) . Similarly, P. macropilis is a widespread predator of both eriophyid (rust mites) and tetranychid (red spider mites) mites on several host plants, including unsprayed apple and plum trees (Alford, 1984) . Zetzellia mali is also considered a common predator of Aculus schlechtendali (rust mite) and Panonychus ulmi (red spider mite) on fruit trees (Santos, 1976; Alford, 1984) .
(1988), leaf dwelling predators were sampled. Numbers of predatory species washed from the leaves were identified and recorded.
Results
Leaf washing
Only three species of predatory mites were washed from leaves. In order of abundance they were T. pyri, Phytoseius macropilis and Z. mali (Table  2) . which made sorting of small predatory mites extremely difficult.
A. G.. S. Cuthbertson and A. K. Murchie Techniques for environmental monitoring... The most abundant predatory species caught in traps and visible on the trees in this orchard was the predatory mite, Anystis baccarum (Linnaeus). Anystis baccarum has been little researched in orchards in the British Isles, and their abundance remains relatively unknown (Cuthbertson and Murchie, 2004a) . As all members of this family are generalist predators which feed readily on a wide range of arthropods (Baker, 1967) , this species could be a valuable natural enemy of orchard pests (Cuthbertson, 2000; Cuthbertson and Murchie, 2000; Cuthbertson and Murchie, 2004b) .
The most abundant predatory species caught in traps and visible on the trees in this orchard was the predatory mite, Anystis baccarum (Linnaeus). Anystis baccarum has been little researched in orchards in the British Isles, and their abundance remains relatively unknown (Cuthbertson and Murchie, 2004a) . As all members of this family are generalist predators which feed readily on a wide range of arthropods (Baker, 1967) , this species could be a valuable natural enemy of orchard pests (Cuthbertson, 2000; Cuthbertson and Murchie, 2000; Cuthbertson and Murchie, 2004b) . Baker (1983) noted that A. baccarum preyed on leafrolling caterpillars in apple orchards in New Zealand and Putman and Herne (1966) found A. baccarum numbers to increase in orchards during outbreaks of P. ulmi in Ontario. Cuthbertson et al. (2003a,b) and Cuthbertson and Murchie (2003a; 2004a ) went on to show that A. baccarum readily preyed upon A. schlechtendali, P. ulmi, Rhopalosiphum insertum (apple-grass aphid) and Bryobia rubrioculus (apple brown mite) within the Bramley apple orchards. The former three of these species are economically important pests in Northern Irish apple orchards (Mowat and Clawson, 1996) .
A range of other common predatory arthropods were found in the traps. These are mainly generalist predators but will also be instrumental in reducing pest numbers to some extent. The most common large predator was F. auricularia which probably makes an important contribution to predation of pest species but they are of dubious value in orchards because they can also cause damage to the apples (Croxall et al., 1951; Sial, 1957) . Another predator caught, the ladybird, Coccinella septempunctata, is attracted into orchards by outbreaks of aphids (Collyer, 1953) . However, if as a result of spraying or predatory activity the aphids become scarce, the larvae of this species will also feed upon P. ulmi. In this way a slight infestation of aphids in May and June may contribute to P. ulmi control by attracting adult C. septempunctata into the orchards (Collyer, 1953) .
Predacious mites and insects are usually sampled by the same method as the prey they feed on (Huffaker et al., 1970) . However, this method may not always present a complete picture of the populations of certain species. Putman and Herne (1964) found that a large proportion of the population of Typhlodromus caudiglans Schuster, was found on twigs. The difficulty arises because some species move back to sheltering crevices or rough surfaces when fully fed or during daytime. In addition, many insect predators of mites may drop from the leaves or fly away when leaves or twigs are being removed from the plants (Huffaker et al., 1970) . The use of traps offers shelter from the climate by mimicking natural crevices and prevents foliage or twigs from being disturbed when sampling.
Each type of trap caught both predatory mites and insects. The straw traps proved the best for trapping mites, especially A. baccarum. This may simply be related to the size of the mesh. Larger predators such as F. auricularia may have had difficulty trying to squeeze through the mesh openings. When inside the trap, the straw would offer good protection from changing climatic conditions and also a possible shelter for prey. Collembola were commonly found in the straw traps where A. baccarum were observed to readily prey upon them (Cuthbertson, AGS, personal observation).
The corrugated cardboard traps were useful for trapping fauna in hedgerow restoration studies (McAdam et al., 1994) . In this study, F. auricularia were taken more frequently in this trap compared to the others. Campbell (1978) and Helsen et al. (1998) found corrugated cardboard traps to work well for trapping F. auricularia which aligned themselves in the corrugations during the day and returned to the same roost each night. The corriboard traps trapped larger predators in much the same way as the corrugated cardboard traps.
This study has highlighted the need for a range of assessment techniques for sampling predatory fauna on apple trees. Lord (1965) commented that there is no ideal method for monitoring predators on apple trees because of their non-random distribution, variation in foliage growth, and the active nature of many predators. The tendency to sample for beneficial mite predators such as T. pyri and Z. mali by washing leaves may lead to an underestimation of the role of more mobile mite predators such as A. baccarum. Cuthbertson and Murchie (2004a) Baker, W. V., Some observations on predation in an anystid mite. Entomol. Mon. Mag., 103: 58-59, 1967 investigated the seasonal abundance of A. baccarum within Northern Irish orchards and demonstrated how its population peaked when pest species, such as, P. ulmi, are beginning to increase in number. Anystis baccarum, the most abundant predator within the orchard, has the potential to control various invertebrate pest species (Cuthbertson et al., 2003a,b; Cuthbertson and Murchie, 2004a) and also is compatible with various chemical fungicides (Cuthbertson and Murchie, 2003a) . Therefore, encouraging the presence and population build up of A. baccarum and other predatory fauna within the orchards will help reduce pest populations. Also, enabling fruit growers to recognise A. baccarum as a beneficial species will help ensure its survival within the orchard ecosystem Cuthbertson, 2004 Cuthbertson, , 2005 . The greater the biodiversity of predatory fauna within a relatively stable ecosystem like an orchard, then the more natural control and less reliance on chemical insecticides. This also alleviates consumer concerns, justified or not, regarding the build-up of chemical residues on fruit produce and helps move the apple industry into a more environmentally sustainable production system. This study has shown that a range of trapping devices are necessary for sampling predatory fauna on branches of apple trees. Anystis baccarum was the most abundant predatory species sampled in the orchard. This mite has potential to be incorporated into environmentally based management strategies for the control of invertebrate pests. Fruit growers should be encouraged to conserve, not only A. baccarum, but all predatory fauna populations within their orchards.
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